A study was conducted to evaluate 100 chickpea genotypes to explore their genetic diversity in respect of emergence and growth attributes. A high genotypic variation was observed in the characters studied. The highest positive correlation corresponded to the root mass and total plant biomass of the seedlings. Seedling biomass production was highly subjective to seedling vigor. Using discriminant function analysis, the first two functions contributed 46.2 and 39.0%, and altogether 85.2% of the variability among the genotypes. Function 1 was positively related to dry weight of root and total plants. The character with the greatest weight on function 2 was seedling emergence rate. The total dry weight of seedlings played the most dominant role in explaining the maximum variance in the genotypes. The genotypes were grouped into six clusters. Each cluster had specific seedling characteristics and the clusters 5 and 6 were closely related and clearly separated from clusters 1 and 4 for their higher amount of root and total biomass production, and vigorous seedlings, where as, the genotypes in cluster 2 and 3 were intermediate. The genotypes in cluster 5 followed by cluster 6 appeared to be important resources for selecting and developing chickpea variety.
Introduction
Chickpea is an important pulse crop giving high economic returns to the farmers of Bangladesh (Yusuf Ali et al., 2007) . It appears to have the greatest yield potential giving 2000 kg ha -1, which is probably the most unstable, and farmers of Bangladesh could hardly realize such a high yield potential (Musa et al., 2001) . Chickpea is generally grown on residual soil moisture after the harvest of rainfed aman rice and has the high potential for improving the livelihoods of poor farmers in the High Barind Tract (HBT) areas of Bangladesh (Socioconsult, 2006) . The area of HGT comprises about 220000 ha which usually remains fallow after the harvest of aman rice, primarily because of the lack of irrigation facilities. Under such a situation, efficient utilization of residual soil moisture by the plant roots is considered to be the practical way of sustainable crop production (Kumar and van Rheenen, 2000) . The vigorous seedlings of chickpea have been reported to have the ability to utilize soil moisture more efficiently (Jain et al., 1998) .
A common reason for failure to obtain satisfactory stands of many legumes is the inability of the seedling plants to become established quickly under unfavorable environmental conditions including drought, and other abiotic stresses (Sleper and Poehlman, 2006) . Therefore, proper seedling emergence and early seedling growth are considered critical for raising crops successfully as they indirectly determine the density of crop stands and
The Agriculturists 8(2): 108-116 (2010) ISSN-1729-5211 A Scientific Journal of Krishi Foundation consequently the yield of crops (Andric et al., 2007; Roberts and Osci-Bonsu, 1988 ). Chickpea is a low risk crop in the rainfed farming environment due to its strong rooting characteristics (Gaur et al., 2008) . The genotypes having deeper rooting system, greater root length density and root distribution have been reported to be more resistant to moisture deficit (Taiz and Zeiger, 2006) . Chickpea cultivar Barichola 5 has been successfully tested in the HBT, where biotic and abiotic constraints were minimal (Uddin et al., 2005) . However, farmers still have difficulty in finding improved chickpea varieties for the region (Saha, 2002) . Identification and development of chickpea genotypes with greater seedling vigor and associated growth characteristics would increase the ability of the seedlings to cope up with the adverse growth conditions. Therefore, identification of appropriate varieties with adequate seedling vigor and other associated characters is essential for alleviating the constraints to wider adoption of chickpea particularly in the HBT of Bangladesh. In this regard, the study was conducted to explore the genetic diversity in seedling quality of 100 chickpea genotypes of diverse growth habits.
Materials and Methods
The study was conducted at the Research Farm of Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur under semi controlled environment. One hundred genotypes of chickpea formed the treatment variables. Out of 100 genotypes, 39 originated in India, 23 in Iran, 6 in Afghanistan, 5 in Ethiopia, 4 in Turkey, 3 in Mexico, and the remaining 20 in 18 different other countries. Ten seedlings of each genotype were raised in trays inside a vinyl house with three replications. Seedlings started to emerge mostly 3 days after seeding (DAS). Weeding was done three times during the experimentation to keep the seedlings weed free. Irrigation was applied at every alternate day to maintain optimum soil moisture content during growing of seedlings. Seedling emergence was counted daily and it continued up to 14 DAS, when emergence was almost completed.
Seedling emergence rate was calculated as the ratio of the number of normal seedlings emerged to the total number of seeds sown. Shoot and root lengths were measured from selected 5 plants of each replicated tray. These plants were then oven dried for 72 hours at 70 0 C to measure the root and shoot dry weight (DW). Total DW of seedlings was calculated by summing root and shoot DW. Seedling vigor was calculated after Copeland (1988) .
Descriptive analysis including range and mean of seven plant characters with frequency distribution was employed to describe the performance of the genotypes in terms of each character. Quantitative variables considered in the descriptive and discriminant function analysis (DFA) were, seedling mergence rate, seedling vigor, shoot and root length, shoot and root DW, and total DW. Analysis of genetic variation of the seedlings of 100 genotypes was performed with the program SPSS version 11 following the procedure described by Rojas et al. (2000) . Estimation of the degree of correlation was estimated among the different plant characters according to Pearson's co-efficient (Clifford and Stephenson, 1975) . Hierarchical clustering was performed to classify the genotypes into a number of groups.
Results and Discussion

Variability in quantitative characters
A wide range of variation was found in all the seedling characters ( Fig. 1a-f ). The frequency distribution of seedling emergence showed nonnormal distribution which was highly skewed towards right indicating that most of the genotypes were more than median. Out of 100, 80 genotypes showed seedling emergence of more than 90%. Vigor index showed comparatively a narrower range following nonnormal distribution which was skewed towards right. This indicates that the majority of the genotypes had seedling vigor more than median. Eight genotypes had vigor index more than 24 and the maximum genotypes had in a range between 22 and 23. The frequency distribution of shoot length followed non-normal distribution and most of the genotypes (71%) showed shoot length in a range between 6 and 10 cm. The genotypes differed in root length and showed nearly a normal distribution, and 57 genotypes exhibited root length ranging from 15 to 21 cm. However, 2 genotypes showed root length of more than 27 cm. There was much variation in biomass production of the seedlings. A distinct variability was observed in shoot DW of the genotypes that exhibited nearly a normal distribution slightly skewed towards the left. The frequency distribution of root DW showed nonnormal distribution. Thirty-five genotypes showed root DW ranged from 12 to 16 g plant -1 and 30 genotypes ranged from 20 to 40 g plant -1
. It was also observed that the frequency distribution of the total DW followed nearly a normal distribution.
Correlations between seedling characters
The correlation coefficient between the seedling emergence and growth characteristics of seedlings showed that out of 21 coefficients, 7 were highly significant at p≤0.01. (Table 1) . Among all the characters, the highest positive correlation corresponded to root DW and total DW of the seedlings (r=0.96). The root DW had also strong relationship with shoot DW (r=0.53). These indicated that root played the major role in total biomass production of chickpea seedlings. Serraj et al. (2004) also observed a linear relationship between root DW and shoot DW in 257 recombinant inbred lines of chickpea at 35 days after sowing. Among the seedling characters, positive significantly correlation corresponded to seedling vigor and total DW (r=0.42). This character also presented a significant correlation with shoot and root DW. Sabaghpour et al. (2003) reported that seedling vigor played an important role in the seedling growth and establishment of crops. The relationships among seedling quality revealed that seedling emergence is independent of seedling vigor but biomass production of seedling is highly influenced by seedling vigor. In this study, seedling vigor had no significant role in increasing biomass production of seedlings by increasing shoot and root length, although there was a positive correlation (r=55) between them.
Variability in the genotypes
The five discriminant functions that differentiated among clusters of 100 chickpea genotypes were obtained by the stepwise procedure. All discriminatory functions except function 5 were statistically significant (P≤0.01) according to chi-square test. Table 3 summarizes the variables which mostly contributed to the discriminatory functions along with their coefficient under each function. The coefficients of total DW and root DW were higher in function 1 than in function 2. It meant that these two characters of seedlings mostly explained 46.2% of total variance observed in function 1. On the other hand, the coefficients of seedling emergence, shoot length and root length were higher in function 2 indicating that contribution of these variables to function 2 was higher in explaining 39.0% of total variance. The almost similar negative values of vigor index in function 1 and function 2 indicated that this variable was equally important in explaining the total variance in function 1 and function 2. Jomova et al. (2005) evaluated 20 morphological and agronomical traits in a set of chickpea genotypes and found greater variations between accessions in seedling and growth characteristics in the vegetative period. Table 4 describes the coefficient of correlation between 7 discriminatory variables and 2 discriminatory functions. From the results, it was observed that total DW of seedlings was placed at the top of the list of the discriminatory variables with correlation coefficient of -0.679 under function 1. It indicated that total DW of seedlings played the most dominant role out of 7 variables in explaining the maximum variance in 100 genotypes by stepwise DFA. Percent seedling emergence and root length played the secondary important role in defining the variability of the genotypes.
Grouping of the genotypes
A hierarchical cluster analysis was done using 7 quantitative plant characters to identify the desirable traits and grouping the 100 chickpea genotypes through preparing a dendogram on the basis of cluster analysis. The tree was cut at the rescaled distance of 7.5 to produce classes that are maximally related to other specific variables of interest and to serve the purpose better. The genotypes were, therefore, groped into six clusters. Total number of genotypes and mean values of seedling quality for each of 6 clusters are presented in Table 5 . The genotypes under each cluster were highly similar. The maximum number of genotype (64) was concentrated in cluster 1 followed by cluster 4 (12), 3(11), 2(9), 5(2), 6(2). The genotypes in cluster 1 were characterized with the highest seedling emergence and the lowest root DW and total DW with minimal shoot weight. Cluster 2 was mainly characterized by the genotypes with the lowest shoot length with minimal root length. The genotypes in cluster 3 were characterized with the highest shoot length having substantial amount of shoot, root and total DW with good germination and vigor. Cluster 4 genotypes were mainly characterized by the lowest seedling vigor. The genotypes produced low amount of root, shoot and total plant dry matter with lower seedling emergence. The genotypes in cluster 5 were characterized by the highest seedling vigor, root length, shoot DW and total DW. The genotypes in cluster 6 produced the highest amount of root DW which might have contribution in producing higher total dry matter of the genotypes. The clustering pattern of the genotypes revealed that cluster 5 and 6-genotypes produced almost similar amounts of total dry matter which was much higher compared to the genotypes grouped into other clusters. The genotypes were separated into two clusters because of high variability in seedling emergence, which was found much better in group 6-genotypes. Although, seedling emergence of cluster 5-genotypes was lower, production of vigorous seedlings of the genotypes might have given higher total dry matter. Similarly, the performance of genotypes in cluster 1 and 4 was poor and almost similar with respect to lower total dry matter production. However, they were separated because of higher seedling emergence of cluster 1 genotypes. The genotypes in cluster 2 and 3 were intermediate and produced substantial amount of total dry matter. They produced distinct group as a result of lower shoot and root length of the group 2 genotypes. Figure 2 shows graphically how the genotypes were classified into six groups according to the first two discriminatory functions. The genotypes which were found scattered on the right side of the diagram produced lower total dry matter and that at the left side produced higher total dry matter based on X ordinate. Therefore, function 1 separated group 5 and 6 very clearly from group 1 and 4 based on total dry matter production. Group 5 and 6 genotypes produced much higher total dry matter resulting from greater vigor index of the seedlings. On the other hand, the genotypes (cluster 4 and 5) scattered on the upper part of the diagram had lower seedling emergence than that of lower part based on Y ordinate. Therefore, function 2 separated groups 2, 6 and 1 from group 4 and 5 based on seedling emergence percentage. Group 2 and 6 had higher seedling emergence. Cluster 3 was intermediate in seedling emergence percentage. The genotypes in response of discriminating variables very close to the group centeroid might be considered as the most representative of that group. Accordingly, the genotype ICC3325 in group 1, the genotype ICC13187 in group 2, the genotype ICC5337 in group 3, the genotype ICC6306 in group 4, the genotype ICC10755 in group 5, and the genotype ICC13461 in group 6, might be considered as more representative of their respective groups.
Conclusions
The study revealed the existence of variation in the seedling quality of 100 chickpea genotypes. A greater variation was found in the production of total plant dry matter which is eventually 108-116 (2010) related to root dry matter and seedling vigor. In this study, the multivariate analysis has been effectively used in separating the chickpea genotypes with desirable seedling traits. Thus, the obtained promising genotypes grouped in cluster 5 followed by cluster 6 need further evaluation under variable field conditions associated with various abiotic stresses.
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